SUMMARY Recent histological and electrophysiological reports have given evidence for peripheral nervous system (PNS) involvement in multiple sclerosis. We have applied the single fibre electromyography (SFEMG) technique to 15 patients with multiple sclerosis. Six patients had clearly abnormal jitter and two of these had previously undiagnosed coexistent peripheral neuropathy. A further five patients had borderline abnormalities of SFEMG. The mean jitter for each patient was abnormal in 10 patients. This was clear evidence for PNS involvement in this disease. Theoretically, the site of the abnormality could be in the terminal nerve network or at the neuromuscular junction, but this technique cannot distinguish between these sites.
Published reports on the neuropathology of multiple sclerosis have concentrated on the lesions confined to the brain and spinal cord. Studies of the peripheral nervous system (PNS) are infrequent and when they occur they fall into three main groups of postmortem findings. 1. No abnormality of the PNS was found. For example, one group of necropsies showed lesions affecting the proximal parts of spinal and cranial nerve roots but never extending distal to the transition zone where oligodendroglia and astrocytes give way to Schwann cells and fibroblasts (Adams and Kubik, 1952) . 2. Significant demyelination of the distal segments of peripheral nerves was noted in patients who were severely emaciated. This was thought to be caused by coexistent nutritional neuropathy (Hasson et al., 1958) . 3. Hypertrophic neuropathy with onion bulb formation distally has been reported in several single case reports (Denkler, 1904; Schob, 1907 Schob, , 1912 More recently, peripheral nerve biopsy samples have been examined in patients with undoubted multiple sclerosis but with minimal disability and compared quantitatively with age and sex matched controls (Pollock et al., 1977) . Abnormal internodes with at least 50% reduction in myelin thickness were found in a significant number of patients and this thinning was shown to be caused by a loss of myelin lamellae without change in the axonal cross-sectional area.
Electrophysiological studies of peripheral nerve conduction in multiple sclerosis have been normal using standard techniques (Gilliatt et al., 1961; Taraschi and Lanzi, 1962; Ginzburg et al., 1971) . However, Hopf in 1965 showed evidence of reduced conduction velocities in the smaller diameter alpha motor nerve fibres. He has also shown an increase in relative refractory period in median nerve sensory fibres supporting this hypothesis that the PNS is involved in multiple sclerosis (Hopf and Eysholdt, 1978) .
We have undertaken a study of peripheral neuromuscular function in patients with multiple sclerosis using the single fibre electromyography (SFEMG) technique developed by Ekstedt and St'alberg (Ekstedt, 1964; Stalberg et al., 1971; Ekstedt et al., 1974 McAlpine et al. (1972) criteria); (c) they had supportive investigation results including abnormal CSF parameters (McAlpine et al., 1972) or prolonged or abnormally asymmetrical visual evoked potentials or both (Halliday et al., 1973) .
Informed consent from the patients was obtained before calling them for the electrophysiological examination.
On arrival, relevant history was reviewed including a full drug history. Most of the group had received a course of corticotrophin after diagnosis but none in the year before this study. The other main groups of drugs to which they had been exposed were urinary antiseptics and muscular spasmolytics such as baclofen. Two patients (Figure, EM, MMcA) were on the latter therapy at the time of examination. No drugs were reported which have a known peripheral neurotoxic effect.
Clinical examination was performed to detect overt evidence of peripheral neuropathy. The fastest motor nerve conduction velocity (FMNCV) and distal motor latency in the lateral popliteal nerve were obtained by conventional methods (Lenman and Ritchie, 1977) . These were compared with a group of age matched control subjects (N=27). Two of the affected group had clinical and electrophysiological evidence of a peripheral neuropathy. When these were excluded there was no significant difference in FMNCV and distal motor latency between experimental and control groups (P= >0.05). The two patients with neuropathy are separately designated in the Figure. Finally, an estimation of the number of motor units in the extensor digitorum brevis muscle was made (Ballantyne and Hansen, 1974) , the results of which will be reported elsewhere.
SINGLE FIBRE EMG
Single fibre EMG was performed on the right extensor digitorum communis muscle whatever the patient's disability. This muscle was used because there are only slight age-dependent changes in SFEMG parameters up to 60 years of age (Stalberg and Thiele, 1975 The significance of these various parameters has been reviewed elsewhere (Ekstedt et al., 1974; Stalberg and Trontelj, 1979) . With the SFEMG needle inserted into the muscle the patient was instructed to extend his index finger, bringing the muscle under mild voluntary contraction. On some occasions a rate meter was used to assist the patient in maintaining a steady recruitment rate of 10-15 impulses per second. The needle was then moved until a pair of potentials was obtained, both of which fulfilled the criteria of single muscle fibre discharges (Ekstedt, 1964) .
Six recordings of potential pairs were obtained in most patients, but for various reasons an inadequate number (less than three) was obtained from four patients, and they were, therefore, excluded from the formal results.
The normal MCD for this muscle was shown by Stalberg et al. (1971) to be 23.4 ,us with standard deviation of 8.5 ts. However, their normal group showed a skewed distribution and therefore the normal 95% confidence limit still excluded a few potential pairs. Abnormal was, therefore, defined as a jitter value of 55 [Ls and above which is rather more than three standard deviations from the mean. Recently, Stalberg and Trontelj (1979) (Stalberg and Thiele, 1975 The mean overall jitter in 10 of our 15 patients was greater than 34 ys, again representing significant abnormality.
Impulse blocking was not clearly seen in any of the patients with either normal or abnormal jitter. The method of measurement of such blocking in our computer programme has been found to be less reliable than assessing such blocking visually as the potentials appear. This latter method has been used successfully in our considerable experience with patients affected by myasthenia gravis. The results as presented give definite evidence of abnormalities of the SFEMG in multiple sclerosis, and even in patients with generally mild disability.
Discussion
Any abnormality proximal to the branching of the motor axon cannot be implicated in abnormal jitter as the variability can only arise once there are two pathways for the initially single discharge to follow. The three main components where variability could arise are variability in propagation velocity of the muscle fibres, variability in propagation velocity of the terminal nerve fibres from the point of last common bifurcation to the endplate, and variability of the endplate delay.
Variation in muEcle fibre propagation velocity occurs normally at irregular innervation rates and during continuous trains of impulses. The use of the MCD reduces addition to the jitter from the former source, and the mean sorted data difference (MSD) is a measure which can be used to exclude the effect on the muscle membrane of a preceding impulse on the subsequent one in a continuous train. In this study the use of MSD instead of MCD when the ratio MCD/MSD was greater than 1.25 (Stalberg and Trontelj, 1979) made no appreciable difference to the number of abnormal discharges. Disuse atrophy, neurogenic atrophy, and primary muscle disease all can alter the propagation velocity, but there is no good evidence of muscle fibre abnormality in multiple sclerosis apart from disuse atrophy. All our patients were mobile and had minimal clinical evidence of disuse and the relevance of this factor is, therefore, felt to be minimal. Endplate delay has been strongly supported as being the cause of increased jitter in much of the SFEMG literature for two reasons. Firstly, neuromuscular transmission adds approximately 20 ,us to the overall mean normal jitter while conduction in the terminal nerve twigs adds only 3 ,us. Secondly, in myasthenia gravis the abnormal jitter has been clearly shown to be the result of the diminished and variable size of the endplate potential which in its turn is caused by less postsynaptic acetylcholine receptor being available for transmitter binding (Elmqvist et al., 1964; StAlberg et al., 1976) . In some neuropathies the endplate has also been implicated as having a diminished safety factor for transmission when undergoing denervation or reinnervation, leading presumably to endplate potential variability. A small study of diabetic neuropathy as an example of a known demyelinative process reported a small increase in jitter with little clear explanation (Thiele and Stalberg, 1975) .
In multiple sclerosis, therefore, is the abnormality of jitter caused by impaired neuromuscular transmission at the endplate or by impaired conduction in segmentally demyelinated nerve twigs?
There have been a number of case reports describing coexistent multiple sclerosis and myasthenia gravis (Margolis and Graves, 1945; Simpson, 1966; Patten et al., 1972) . Some of the reports are slightly unsatisfactory in as much as the type of decremental response regarded as diagnostic for myasthenia gravis could have arisen from neuropathic damage. In spite of this criticism it seems clear that in a majority of reports the two conditions occurred more frequently than would be expected by chance. This could relate to a common autoimmune pathogenesis or our results could show an early neuromuscular transmission defect functionally linking the two conditions. We are designing experiments to elucidate this point further.
The second possibility is supported both theoretically and by the recent histological reports. The extensive work on experimental demyelination of central and peripheral axons has shown slowed conduction in single nerve fibres. Rasminsky and Sears (1972) have shown that internodal conduction in demyelinated cat nerve fibres ranged from normal to several hundred microseconds with great variation at successive interncdes of a given single fibre. Similarly, refractory periods both relative and absolute have been shown to be prolonged by up to five times in demyelinated nerve fibres. Theoretically, segmental demyelination occurring in one or both of the terminal nerve fibres could produce increased jitter without any neuromuscular transmission abnormality.
We have shown clear electrophysiological evidence for an abnormality of the peripheral nervous system in multiple sclerosis using a method specific for the most distal parts of peripheral nerves. This abnormality has been shown in patients who are not severely disabled by their disease and who are not suffering from overt peripheral neuropathy. 
